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Introduction

28
The El Niño-Southern Oscillation (ENSO), a coupled ocean-atmosphere phenomenon in the tropical Pacific Ocean, exerts 29 enormous influence on climate around the world (Zhou and Wu, 2010) . Traditionally, ENSO events can be divided into a 2 warm phase (El Niño) and a cool phase (La Niña) based on sea surface temperature (SST) anomalies. An El Niño produces 31 warming SSTs in the Central and Eastern Pacific, while La Niña produces an anomalous westward shift in warm SSTs 32 (Gershunov and Barnett, 1998 ). Precipitation appears especially vulnerable to ENSO events over a range of spatio-temporal 33 scales and therefore has been the focus of many ENSO-related studies (Lü et al., 2011) . Global annual rainfall drops 34 significantly during El Niño phases (Gong and Wang, 1999 ) and a wetter climate occurs in East Asia during El Niño winters 35 due to a weaker than normal winter monsoon (Wang et al., 2008) , but these anomalies are generally reversed during La Niña 36 phases. Various studies also extensively document the teleconnections between ENSO and precipitation variation in China 37 Lin and Yu, 1993; Gong and Wang, 1999 38 Ouyang et al., 2014) . Zhou and Wu (2010) found that El Niño phases induced anomalous southwesterly winds in winter along 39 the southeast coast of China, contributing to an increase in rainfall over southern China. In the summer after an El Niño, 40 insufficient rainfall occurs over the Yangtze River, while excessive rainfall occurs in North China (Lin and Yu, 1993) . During 
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The physical mechanisms by which ENSO affects the climate of East Asia have also been discussed extensively in recent 54 decades. Many studies have revealed that anomalous summer monsoons contribute to rainfall anomalies in East Asia during 55 ENSO. A wet East Asian summer monsoon tends to occur after warm eastern or central equatorial Pacific SST anomalies 56 during the previous winter (Chang et al., 2000) . Floods and droughts during ENSO are also associated with the anomalous 57 water vapor transport caused by the anomalous summer monsoon (Chang, 2004) . On the other hand, tropical cyclones (TCs) 58 over the western North Pacific (WNP) are also key contributors to rainfall events in China. When TCs move westward, a huge 59 amount of moisture is transported into East Asia, accompanied by strong winds and heavy and continuous rainfall. By using 60 satellite-derived Tropical Rainfall Measuring Mission (TRMM) data, Guo et al. (2017) revealed that TCs occurring during the 3 peak TC season (from July to October, JASO) contributed ~20% of monthly rainfall and ~55% of daily extreme rainfall over 62 the East Asian coast. Strong TC activity suggests that there is excessive transport of water vapor into China.
63
Until recently, most studies have focused on changes in annual or seasonal total precipitation related to ENSO rather than 64 changes in individual precipitation events. Changes in precipitation frequency and intensity are crucial for accurate assessment 65 of ENSO impacts, but changes in mean precipitation cannot identify such changes. Recently, however, possible shifts in the 66 characteristics of precipitation events (e.g. frequency and intensity) have been highlighted in studies of global climate change 67 (Fowler and Hennessy, 1995; Karl et al., 1995; Gong and Wang, 2000) . In China, it has been reported that the number of 68 annual rainfall days decreased in recent decades even while total annual precipitation has changed very little (Zhai et 
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The current study began with the observation that EP El Niño has occurred less frequently and that CP El Niño has occurred 
91
In this study, we used daily values of climate data from Chinese surface stations compiled by the National Meteorological 
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, (1) 102
Where is the average of the precipitation index at the meteorological station during a specific time period, and
103
is the average of the precipitation index at the station for a multi-year average .
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To quantify the variability of the summer monsoon and ENSO impacts over China, the monsoon index proposed by Wang and 
109
(2011), TC genesis and track density was generated for ENSO developing and decaying years for the period 1960-2013.
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Track density anomalies are defined as annual average TC frequency during a specific type of ENSO event minus the 
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In this study, two indices, created by Ren and Jin (2011) by transforming the traditionally-used Niño3 and Niño4 indices,
121
were used to distinguish between CP and EP El Niño phases. La Niña years were identified using the methods of McPhaden
122
and Zhang (2009). The ENSO events analyzed in this study are displayed in Table 2 . As an EP El Niño evolves,
123
positive SST anomalies expand latitudinally and negative signals expand eastward, reaching a maximum amplitude in 6 autumn and winter . The first year was defined as the developing year in this study. Warm SST anomalies 125 disappear and are replaced by cool anomalies in the eastern Pacific during summer of the decaying year. 
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In EP developing years, 628 stations across China (~80%) had negative anomalies. At 80 of these stations the anomalies 141 were significant. These significant stations were mainly located in the continental climate zone (NW) and the temperate 142 monsoon zone (N) (Fig. 2) . All sub-regions experienced negative average annual precipitation anomalies (Fig. 3) , especially 143 in the NW region where precipitation was 12.83% lower than the mean. Large positive anomalies of annual precipitation
144
were found during LN developing years (Fig. 2) ; more than 70% of the stations showed positive anomalies, of which 10% 145 were significant. Similarly, the stations with significant anomalies were mainly in the NW and N regions. In CP developing 146 years, precipitation anomalies were quite different from those in EP developing years ( 
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The impacts of EP phases on precipitation in decaying and developing years displayed opposite patterns. Positive anomalies
152
were detected across China during decaying years (Fig. 2) , especially in the NW and N regions at 8.8% and 8.9% higher than 153 the mean, respectively (Fig. 3) . And negative anomalies were common across China in LN decaying years (Fig. 2) . In the
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NW region, average annual precipitation was 5.95% lower than the mean. As a result, in both the decaying years of EP and 
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In EP developing years, only negative anomalies of precipitation intensity and frequency occurred, with decreases of 3.04% 180 and 3.01%, respectively, across all of China (Fig. 6) . Stations with significant decreases in precipitation frequency were 181 mainly located in the NW region (Fig. 4) and stations with significant decreases in precipitation intensity were mainly 182 located in the N region (Fig. 5) . In contrast, anomalies of precipitation intensity and frequency in EP decaying years were 
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In the CP phases, anomalies of precipitation intensity and frequency displayed more complex patterns than those in the EP 186 years. In developing years, slightly more than half of the stations experienced positive anomalies of precipitation intensity
187
( Fig. 5) , while more than 70% experienced negative anomalies in precipitation frequency (Fig. 4) . Of the stations 188 experiencing negative precipitation frequency anomalies, 64 were significant ( 
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In general, anomalies of total precipitation tend to result from changes in both the frequency and intensity of precipitation 
Precipitation extremes
202
ENSO can trigger extreme hydro-climatological events such as floods, droughts, and cyclones (Zhang et al., 2013 ). 
212
increased likelihood of extreme precipitation events during these years than normal.
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As shown in 
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Although a positive anomaly occurred in annual precipitation during CP decaying years in the N region, it experienced fewer 221 CWD anomalies. This was possibly due to the increase in intensity of rainfall events.
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Dry spells (DS) are extended periods of 10 days or more of no precipitation and are a strong predictor of droughts. As shown
223
in 
243
heavy and continuous rainfall typically develop along the monsoon fronts (Chang, 2004) . In this study, our examination of 244 variations in precipitation anomalies reveals that rainfall is largely enhanced over the NW and N region during EP decaying 245 years ( fig. 2) .
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Weak WNP-EA summer monsoons also tend to occur during CP decaying and LN developing years ( fig. 7) . Typically, 
270
precipitation frequency and intensity. On the other hand, atmospheric vertical motion also tends to be intense during these 15 periods, as summer monsoons over China feature strong southerly winds (Chen et al., 2013) . This leads to further anomalous 272 R95p, Rx1d, and CWD, resulting in increased flood risk during these years (table 3) . However, a reduction in water vapor 273 availability and vertical motion may occur during EP and CP developing years as WNP-EA summer monsoons tend to be 274 strong ( fig. 7 ), resulting in a negative anomaly in frequency and intensity of precipitation ( fig. 4 & 5) .
275
In addition, the relative stability of the atmosphere tends to reduce the frequency and intensity of precipitation by reducing 276 vertical motion (Chou et al., 2012) . The WNP subtropical high is a prime circulation system over the WNP-EA and
277
anomalies of location and intensity largely affect summer monsoon activities in East Asia (Wang et al., 2013 ). Huang and 278 found that when the location of a subtropical high is shifted unusually northward, hot and dry weather occurs in
279
East China due to the dominance of the stable atmosphere. The location and intensity of subtropical highs are also closely 
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ENSO is one of the most important factors affecting TC activity over the WNP (Wu et. al, 2012) . In this study, the 
308
WNP-EA summer monsoons induced by ENSO may further explain this discrepancy. As discussed above, the strong
309
WNP-EA monsoons during CP developing years do not induce negative rainfall anomalies over China ( fig. 7 ). This suggests 17 that enhanced TC activity may cause a reduction in rainfall along monsoon fronts, resulting in neutral conditions over China.
311
However, further studies are needed to examine how the CP developing stage influences rainfall over China.
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In contrast, no significant shifts in the locations of TC genesis occurred during decaying years ( fig. 8) 
331
we found that the continental climate zone (NW) is more sensitive than other regions to ENSO events due to the its high 332 incidence and magnitude of anomalous precipitation events (Fig. 4 & 5 and Table 3 ). For example, the NW region 
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Although the primary physical processes and mechanisms responsible for precipitation anomalies have been discussed in the 341 context of summer monsoons and TC activity, approaches to understanding the forces influencing daily precipitation events 342 coinciding with ENSO are more complex than those directed toward precipitation influences on a monthly or annual scale.
343
This complexity can be illustrated by the observation that in CP decaying years, the N region experienced a positive anomaly 344 of annual precipitation due to an increase in precipitation intensity, but the S region experienced a negative anomaly due to a 345 large decrease in precipitation frequency. Therefore, even though some physical mechanisms may explain precipitation 346 variabilities related to ENSO events, there is a need for more research on the mechanisms driving atmospheric circulation to 347 advance our understanding of these influences over temporal and spatial scales. In addition, the year-to-year variability of 
